1. Sustained hand-grip exercise and mental arithmetic were performed by normal and hypertensive subjects. Blood pressure and heart rate were recorded with a device which allows blind and unbiased measurements, based on the conventional cuff met hod.
Introduction
Isometric exercise is a potent stimulus causing elevation of systolic and diastolic blood pressure, and heart rate (Krayenbuehl & Rutishauser, 1973) . Mental activity, e.g. in the form of mental arithmetic, likewise causes qualitatively similar changes in heart rate and blood pressure (Brod, Fencl, Hejl & Jirka, 1959) . Previous data have been obtained by using intra-arterial measurements, which limit the number of subjects that can be studied. This communication describes a device for quick and unbiased indirect recording of blood pressure and heart rate, with the conventional auscultation of the Korotkoff sounds, as well as results from isometric exercise and mental arithmetic in normal and hypertensive subjects.
Methods
The Auto-Manometer (Electronic Research and Development, Dunedin, New Zealand) can be described as an electronic modification of the principle on which the London School of Hygiene and Tropical Medicine sphygmomanometer is based. It is dependent on an external source of compressed air and electric power. The cuff-inflation rate is constant, and cuff deflation is automatically induced through decrease in cuff-pressure variations when pressure has risen above the systolic value. This mechanism can be over-ridden manually and it is often preferable to listen to the Korotkoff sounds during inflation and switch to deflation when they have ceased. This avoids excessive inflation which is easily achieved in subjects with a thick arm.
The deflation rate is constant and can be varied from 1 to 4 mmHgls. There are four switches for storing pressure values during deflation. In addition the device counts heart rate from pressure changes in the cuff over the first 30 s from start of deflation. The values are digitally displayed when the corresponding switches are again depressed. The whole recording sequence takes 45-75 s. A mercury manometer is easily attached to check calibration.
The Auto-Manometer was used on the left arm in sitting subjects in the following protocol : resting (three recordings), hand-grip test 1 (one), resting (one), hand-grip test 2 (one), resting (one), mental arithmetic (five), resting (one). The whole sequence takes 15-20 min.
Sustained hand grip at 50% of maximal voluntary contraction was performed for about 1 min with a 
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Vigorimeter (Gebrueder Martin, Tuttlingen, Germany), which consists of a rubber balloon and an anaeroid manometer. The rises in both blood pressure and heart rate are virtually linear from the start of hand grip for at least 1 min (Ewing, Irving, Kerr & Kirby, 1973; Taylor, 1975) . Therefore the exact times after the start of hand grip were noted for systolic and diastolic blood pressure measurements and the end of heart rate counting, and the values were extrapolated to 1 min. Mental arithmetic was done by subtracting 17 from a four-digit number as fast as possible for about 5 min. The subjects wrote down the answers on a standardized form.
For statistical calculations, Student's paired 1-test was used for within-group comparisons and the unpaired test for between-group comparisons, both two-tailed.
Results
Mean values for systolic and diastolic blood pressure and heart rate for the subjects studied are given in Table 1 . Resting heart rate is the average of all resting recordings except the final one.
Normal subjects and hypertensive patients (groups 1-3)
Hand grip. Both blood pressure and heart rate are in most cases higher during the second hand-grip test. This difference is statistically significant only for diastolic pressure in normal females (P < 0001).
The increase in absolute values in blood pressure from rest to exercise is larger in hypertensive patients; in both hand-grip tests, on a percentage basis they are similar in all groups except normal females, in whom the rise in diastolic pressure is 45% in the second test compared with 24% in the first test ( P < 0.001). In all other groups, diastolic pressure rises ranged from 24-29% (first hand grip) and 2436% (second hand grip). The corresponding increases in systolic pressure ranged from 21-29% and 24-30", and increases in heart rate ranged from 18-29% and Mental aritlmetic. This caused consistent increases in pressure and heart rate except in normal females, in whom there was no change in systolic pressure. The rises were 8-10% for systolic pressure (normal females excepted), 7-14% for diastolic pressure and 9-18?; for heart rate.
Analysis of the time-course of changes throughout 15-33 %.
mental arithmetic shows that in both normal and hypertensive males there is a significant fall in systolic pressure from the first to the fifth measurement: in normal subjects from 139 to 132 mmHg, P<0.02, and in hypertensive patients from 161 to 154 mmHg, P < 0.05. This is not seen in females, nor is it so for diastolic pressure or heart rate.
Recordings made about 1 min after stopping arithmetic are all almost identical with the pre-test values for all groups.
Reproducibility in normal subjects
Before arid after a placebo tablet. Group 4 comprises ten normal males who did the tests before and 90 min after a placebo tablet had been given. Apart from a tendency to lower heart rate after placebo, there were practically no differences in the average values.
Doy-to-day caraition in normal subjects. Group 5 comprises seven normal subjects who repeated the test protocol on 3 different days after an initial training day. Apart from resting systolic pressure on the second day, which was 5 mmHg lower compared with the third day (P<0.05), and diastolic pressure during arithmetic on the second day, which was 8 mmHg lower than on the first day (P < 0.01), there were no significant differences between the days.
Discussion
The character of heart rate and blood pressure changes during both stimuli indicates that an increase of central sympathetic activity predominates over adrenal catecholamine production. Ludbrook, Vincent & Walsh (1975) , measuring blood pressure intra-arterially during mental arithmetic, came to the same conclusion, with similar results to those presented here. Freyschuss (1970) concluded that in isometric exercise the cardiovascular changes result from cardioacceleration, mainly due to vagal withdrawal, and also to increased central sympathetic discharge resulting in vasoconstriction through ?-receptor stimulation.
During mental arithmetic, normal females seem to be protected against a systolic blood pressure rise; this has previously been reported by von Eiff (1 970).
It is not clearly known how isometric exercise causes the cardiovascular changes reported. Cer-tainly, the reproducibility of the test protocol seems satisfactory. Endurance time on repeated testing is usually decreased; this may be related to increasing accumulation of lactate (Karlsson, Funderburk, Essen & Lind, 1975) . It might be that the higher values of rate and pressure in the second hand-grip test are at least partly related to lactate accumulation.
Isometric exercise and mental activity are commonplace in daily life, and the time-averaged arterial pressure is probably related to incidence and seriousness of complications. It would therefore seem important to test the influence of antihypertensive therapy on cardiovascular changes with these tests. Some initial studies in hypertensive patients off and on 8-adrenoreceptor antagonists have already been reported (Nyberg, 1976) .
Our initial studies comparing intra-arterial measurements with indirect ones by the method reported here appear to validate the assumption that indirect blood pressure and heart rate measurements during 1 min of hand-grip exercise at 50% of maximal voluntary contraction can be linearly extrapolated to obtain exact 1 min values. Pre-hand-grip values are achieved within 15-20 s of ceasing the exercise (S. Hunyor & G. Nyberg, unpublished observations).
